a quarry. The study aimed at first mycological evaluation of the air and the rocks in Niedźwiedzia Cave. Nine species of filamentous fungi and a yeast species were isolated from the air sampled in the cave, whereas from the rocks -nine species of filamentous fungi and two species of yeasts were collected. Rhizopus stolonifer was the species most frequently isolated from the air and from the rocks, while the least isolated from the air was Sclerotinia sclerotiorum. Among the species found in the rock, the least frequently collected were Fusarium oxysporum and the yeast Rhodotorula rubra. Abstract:
INTRODUCTION
Cave ecosystems are very specific and they are different from other ecosystems in that they experience relatively stable low temperatures and that they are nutrient-poor biotopes (Poulson & White, 1969; Barton & Northup, 2007) . The making a cave available to visitors can result in changes in its microclimatic conditions. Tourists can contribute to increase in air temperatures, CO 2 concentration (Hoyos et al., 1998) and they can serve as a source of organic matter and new microorganisms. All the listed factors may contribute to the growth of microbial flora in a cave (Ogórek, 2012) . Among numerous biological agents, fungi and bacteria play a critically important role in stone deterioration, e.g. by biofilm formation and by their physical penetration into the substrate. They can produce secondary metabolites, which may cause chemical reactions with the substrate and contamination of the substrate by pigments (Gu, 2003; Li et al., 2008) . However, fungi are an important part of cave mycobiota, because they play an important role in the feeding strategies of cave fauna among other decaying organic material (Nováková, 2009 ).
There are reports in the literature about fungi isolated from the air of caves, cave rocks, sediments and biota present in the caves (Gunde-Cimerman et al., 1998; Nieves-Rivera et al., 2009; Nováková, 2009; Bastian et al., 2010; Jurado et al., 2010; Wang et al., 2010; Trigo et al., 2011) . Depending on the isolation place, the composition of fungi species is different. Bats and arthropods can bring secondary fungi to a cave. For example, many scientists reported strong correlation between cave fungi and arthropods (Kubátová & Dvorák, 2005; Jurado et al., 2008) , because a lot of fungal species are entomopathogenic taxa (Samson et al., 1988) . Nováková (2009) reported that ca. 69 genera of fungi can be isolated from the air, flora and fauna of the caves in Slovakia. Most of them were fungi such as Aspergillus spp. and Penicillium spp. Among these fungi, species can be found which are causing serious diseases, as well as those being allergens in humans. The first group includes such fungi as Aspergillus spp.
(aspergillosis of the lungs, sinuses, cornea, orbit, skin, nails, and of ear canal), Rhizopus spp. (mucormycosis of lungs, sinuses and generalized) and Fusarium spp. (generalized fusariosis) (Adamski et al., 2008a, b) . The second group is the microbial agents causing allergies. The fungi classified above, in the first group, belong here as well, but apart from them there are also such taxa as Alternaria spp., Acremonium spp., Cladosporium spp. and Penicillium spp. (Adamski et al., 2008c) . (Pulina, 1970 (Pulina, , 1989 .
The cave complex includes three levels: the upper, the middle and the lower, connected by chimneys. The middle level is partly developed for visitors. The trail starts at the entrance, which is the air lock, and then leads to the Great Fissure. It passes the bridge over the Great Fissure, the Step Chamber, and the concrete corridor and reaches the Rice Threshold. The stairs take the visitors to the Lions' Hall, which is filled with the internal, rubble-clayey sediments full of bones of Pleistocene fauna. Later the visitors move through the corridor dug in the sediments pile and walk upstairs, into the chamber named the Bivouac, located at the crossing of two corridors: one heads southwest, towards the exit, and the second heads south, to the Sinter Pools Corridor. From the Bivouac it is possible to move through the corridor dug in rock to the Stalactite Corridor, which passes into Palace Hall. From there, the northeast-heading gallery takes the tourists to the Cascade Lane, where there is the entrance to the upper level. From the Palace Hall the corridor leads to the western end, passing by the southeastern entrance to the Hall of Sinter Pools and continues along the artificial gallery to the Primitive Man`s Corridor. It then leaves the cave through the Exit Gallery facilitated with the system of air locks (Pulina, 1996) .
Niedźwiedzia Cave is a habitat that has been in the past and is currently inhabited by living organisms (Wiszniowska, 1967 (Wiszniowska, , 1989 . Samples mined from the cave`s sediments contain hundreds of thousands of debris fragments, consisting of vertebrate bones and shells of snails. These allowed to detecting the presence of, inter alia, remains belonging to 29 species of mammals and shells of snails (29 species). The contemporary living fauna in the cave is represented by springtails, spiders, insectivores, bats and rodents (Bieroński et al., 2007) .
MATERIAL AND METHODS
The samples were taken on the 5 May 2012 from 3 locations inside Niedźwiedzia Cave: Lion`s Hall, The Palace Hall, and Primitive Man`s Corridor (Fig. 1 ).
Mycological evaluation of the air
To examine the air, PDA medium (Potato Dextrose Agar, Biocorp) was used. The sampler (Air Ideal 3P) was programmed for the air sample volumes of 50 L, 100 L and 150 L. Measurement in particular locations was performed in six-plicate for each volume. The sampler was positioned 1.5 m above the level of the cave floor. The incubation of the cultures on Petri dishes of 90 mm diameter was carried out at room temperature (22°C) for 2-7 days, in the darkness. After the incubation the number of CFU/1.0 m 3 (Colony Forming Unit per 1.0 m 3 of air) was calculated and the fungi were identified.
Microbiological evaluation of the rocks
Mycological evaluation of the rocks in Niedźwiedzia Cave was performed using three methods. Debris sampling procedure. Rock debris (1 -3 cm in length) were collected using the forceps from three locations in Niedźwiedzia Cave and placed into sterile sampling bags (114 x 229 mm). On the same day the rocks were placed on Petri dishes with the solidified PDA medium (Biocorp). From every research location 25 rocks were collected. The incubation of cultures on Petri dishes of 90 mm diameter was carried out at room temperature (22° C) for 2-7 days in the darkness. After the incubation, the number of CFU per 25 rocks was calculated and the fungi were identified.
Swab sampling procedure.
Swabs were made using sterile swabs in transport tubes (plastic applicator, viscose swab, of 15 cm length). Material from every location was sampled with three swabs, from the surface area of 1.0 cm 2 and 5.0 cm 2 . The samples were taken from the cave floor and from its walls at the height of 1 m and 2 m above the floor. On the same day, the collected samples were shaken for 20 minutes in 50-ml Erlenmeyer flasks containing 10 ml of sterile distilled water. After shaking, the samples were placed in a Petri dish, on the solidified PDA medium, using serial dilution technique. The incubation of cultures on a Petri dishes of 90 mm diameter was carried out at room temperature (22° C) for 2-7 days in the darkness. After the incubation, the number of CFU per 1.0 cm 2 rock surface and the fungi were identified.
Rinse sampling procedure.
From every location 6 samples of rock debris were collected using the forceps to sterile sampling bags (114 x 229 mm). On the same day, each sample (ca. 30 g) was shaken for 20 minutes in a 250-ml Erlenmeyer flask containing 100 ml of sterile distilled water. After shaking, the samples were placed in a Petri dish, on the solidified PDA medium by using serial dilution technique. The incubation of cultures on Petri dishes of 90 mm diameter was carried out at room temperature (22° C) for 2-7 days in the darkness. After the incubation, the fungi were identified.
Fungal identification
After incubation (22° C, 2-7 days, in the darkness), the fungal colonies grown on each one of the Petri dishes of 90 mm diameter were counted and identified. The specific identification of the sampled fungi was performed using macro-and microscopic observations, namely the morphology of hyphae, conidia and sporangia, of the colonies that had grown on culture media, according to the commonly accepted methods used in mycological laboratories. The fungi were identified using diagnostic keys (Raper & Fennell, 1965; Raper & Thom, 1968; Ellis, 1971) .
Media
The following media were used: Potato Dextrose Agar (PDA, Biocorp), Czapek-Dox Agar (1.2% agar, Biocorp) and Malt Extract Agar (MEA, Biocorp). PDA medium and acidified PDA medium were used for the isolation of fungi from the air and the rocks and for the identification of some species. Czapek-Dox agar medium and MEA medium were used for identification of the Penicillii and Aspergillii.
RESULTS AND DISCUSSION
The content of microorganisms in the environment depends on many factors, inter alia on the geographical location of a habitat, and on the season of the year. However, the most important factors are the air temperature and humidity (Kaiser, 2005) . The average annual air temperature and humidity in Niedźwiedzia Cave amounted to ca. 6 o C and 98% (Table 1 ). The air humidity in the cave was conducive for the survival and development of fungi, while the air temperature, although facilitating their survival, was not much contributory to their development (except Cladosporium spp.). The content of fungi in the cave is probably determined by other factors such as airflow system in the cave, arthropods, bats or visitors, which can bring secondary fungi to the cave (Hoyos et al., 1998; Gu, 2003; Kubátová & Dvorák, 2005; Jurado et al., 2008; Li et al., 2008; Voyroni et al., 2011) .
Thirteen species of filamentous fungi and two species of yeasts were isolated from Niedźwiedzia Cave. Nine species of filamentous fungi and one yeast species were isolated from the air sampled in the cave, whereas from the rocks -nine species of filamentous fungi and two species of yeasts were collected ( Table 2) . The fungi such as Beauveria bassiana, Cladosporium herbarium, Penicillium expansum and Sclerotinia sclerotiorum were present only in the air, whereas Fusarium oxysporum, Fusarium graminearum, Mucor mucedo, Trichoderma harzianum and the yeast Rhodotorula rubra were present only on the rocks. The observed differences in species composition of fungi between the air and the rocks in the cave may be the artifacts caused by imprecision of the testing methods used, or by the physiology of the isolated fungi (sporulation, secretion of secondary metabolites). For example, fermentative microorganisms excrete many organic acids into the environment, including the lactic, acetic and butyric acids, which may cause biodeterioration of natural stones, as well as brick, concrete or mortars. Fungi of the genus Fusarium belong to this group of microorganisms. (Gu et al., 1998; Cwalina, 2008) .
Most of the fungi and yeasts from the air and the rocks were isolated from the Lion`s Hall and the least -from the Primitive Man`s Corridor (Table 3 , 4, 5). The Lion`s Hall is the first location of research and is located closest to the entrance to the cave, while the Primitive Man`s Corridor is the last location of research and is located closest to the exit to the cave. The abundance of the fungi decreases from the entrance towards the exit of the cave. Such situation is probably caused by the airflow, which occurs in the cave during the summer, or by the tourist traffic. Pflitsch and Piasecki (2003) reported that behind the entrance to the cave, different processes, anthropogenic and natural, may alter the air circulation. During the summer season, a permanent stream of the warm external air flows next to the cave entrance area, and the air from the outside is conveyed to the inside of the cave. The air flow can transfer fragments of fungal mycelia and spores.
Rhizopus stolonifer was the most frequently isolated fungus from the air and the rocks, while the least isolated from the air was Sclerotinia sclerotiorum and from the rock -Fusarium oxysporum and the yeast Rhodotorula rubra (Table 3, 4, 5, 6) . Rhizopus stolonifer is omnipresent as a saprophyte and sometimes as a weak parasite on stored organs (Agrios, 1997 Table 5 . Filamentous fungi and yeasts isolated from the rocks of Niedźwiedzia Cave in Kletno (swab sampling procedure). is a fast growing fungus developing on in broad range of temperatures and relative humidities (Nishijima et al., 1990) . In humans it can cause mucormycosis of lungs, sinuses and generalized mucormycosis (Adamski et al., 2008a) . Rhizopus stolonifer is a fungus commonly present in the air. It has been confirmed by a mycological study of indoor air (Ogórek, 2011; Ogórek et al., 2011a, b) as well as the air analyses from the mountain trails of the Snieżnik Massif, in which Niedźwiedzia Cave is located (Ogórek et al., 2012) . Microbiological evaluation of the rocks in Niedźwiedzia Cave was performed using three methods. Most of the species of fungi were isolated using debris sampling procedure and the least species by rinse sampling procedure (Table 4, 5, 6) . Differences in number of fungi species on the rocks may be caused by imprecision of the testing methods used or by the difference in the samples, which were collected in each location. Therefore, the microbiological evaluation of the rocks should be accomplished using several methods.
